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HIGH RESOLUTION MULTI-LENS IMAGING DEVICE 
BACKGROUND OF THE INVENTION 

Technical Field 

[0001] This invention relates to the field of imaging and more particularly to imaging 
using multiple lenses. 

Description of the Related Art 

[0002] Digital Modular Cameras (DMC) by Z/l Imaging (a joint venture between Carl 
Zeiss and Intergraph) currently provide accurate high resolution images using multi-lens 
cameras and a corresponding matrix of charge coupled devices (CCD). The DMC 
comprises a variable number of synchronously operating CCD-matrix based cameras 
that can be mounted together in different configurations, depending on the application. 
The multi-camera approach-allows-the combination-of-high-panchromatic resolution with 
multi-spectral capability. The idea to enlarge the field of view by combining several lens 
systems is well known since the early days of aerial photography using conventional 
refractive optics. Several Aerial Cameras with multiple lenses were built, but 
complicated special rectifiers and plotting instruments were developed to restore the 
image geometry. Handling 5 of the image arid the accompanying instruments was 
troublesome and eventually . obviated the use of multi-lens cameras by the development 
of new single-lens cameras with larger negative formats. Now, however, the image 
restoration of such a multi-lens camera can be done completely by photogrammetric 
software. 

[0003] Even with such dramatic improvements in photogrammetry, additional 
improvements in providing more flexible options in terms of field of view and resolution 
would be a welcome feature for both military and consumer applications. 
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SUMMARY OF THE INVENTION 

[0004] An imaging system allowing electronic changes from large to small field of 
view, with a concomitant change from a low resolution to a high resolution is described. 
The additional use of photon sieves for lenses can provide better focusing in the high 
resolution configuration of a small, light weight package (although the present invention 
is not necessarily limited to small and light weight packages). 

[0005] In a first aspect of the invention, an imaging device can include a plurality of 
lenses mounted on a three dimensional support structure in substantially a spherical, 
elliptical, or hemispherical shape, a plurality of optical detectors such as charge coupled 
devices (CCD) or complementary metal-oxide-semiconductors (CMOS) corresponding 
to the plurality of lenses for capturing an optical signal from at least two lenses among 
the plurality of lenses, means for combining the optical signal from at least two lenses, 
and means for generating an image witFTat least one among a variable field of view and 
a variable resolution. The means for combining and the means for generating can be a 
processor programmed to generate the image with a variable field of view and a 
variable resolution or a substrate having circuitry thereon for image integration and 
processing of a plurality of output signals from the plurality of optical detectors. The 
plurality of lenses can be a plurality of photon sieve lenses and the field of view for each 
lens in the plurality of lenses can overlap each other. The plurality of lenses can each 
include an array of sub-wavelength apertures (such as pin holes in a photon sieve lens) 
and the transmission can be enhanced by a relief structure around the holes for the 
photon sieve or ringlet structures or other structure about each of the apertures of the 
array. * 

[0006] In a second aspect of the invention, an imaging device can include a plurality 
of lenses mounted on a multi-dimensional support structure, a plurality of optical 
detectors corresponding to the plurality of lenses for capturing an optical signal from at 
least two lenses among the plurality of lenses, and a processor for combining the optical 
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signal from at least two lenses to form an image and electronically controlling the field of 
view and a resolution of the image. The plurality of lenses each can include an array of 
sub-wavelength apertures or a plurality of photon sieve lenses. 

[0007] In a third aspect of the invention, a method of forming a compound lens 
comprises the steps of mounting a plurality of lenses on a multi-dimensional support 
structure, capturing an optical signal from at least two lenses among the plurality of 
lenses using a plurality of optical detectors corresponding to the plurality of lenses for 
combining the optical signal from at least two lenses to form a single image, and 
generating an image with at least one among a variable field of view and a variable 
resolution. It should be understood that the term "corresponding" with regarding to 
optical detectors corresponding to the plurality of lenses does not necessarily mean a 1 
to 1 correspondence since multiple lenses can share a single detector (or a single lens 
could share multiple detectors). The step of generating-the image can include the step 
of generating the single image with both the variable field of view and the variable 
resolution using a photon sieve. The method can further include the step of 
electronically controlling the field of view and the ; resolution of the compound lens. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] There are shown in the drawings embodiments which are presently preferred, 
it being understood, however, that the invention is not limited to the precise 
arrangements and instrumentalities shown. 

[0009] FIG. 1 is a block diagram of a multi-lens camera in accordance with the 
present invention. 

[0010] FIG. 2 is a block diagram of another multi-lens camera in accordance with the 
present invention. 

[0011] FIG. 3 is a block diagram of a yet another multi-lens camera in accordance 
with the present invention. 

[0012] FIG. 4 is a schematic diagram of a photon sieve in accordance with an 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0013] Referring to FIG. 1, a camera 10 is shown having a plurality of lenses 16 on a 
hemispherical support structure 12. Each of the plurality of lenses can have an 
associated optical detector as will be shown in FIG. 3. Each of the images from the 
plurality of lenses and corresponding detectors can be processed by electronics and/or 
software residing on substrate 14. The camera 10 can provide a 180 degree field of 
view. Another camera 20 shown in FIG. 2 can provide a 360 degree field of view. The 
camera 20 can include a first substantially hemispherical (or egg-shaped or elliptical) 
support structure 21 having a plurality of lenses 25 and a second support structure 22 
having a plurality of lenses 26. As with camera 10, camera 20 can also have a plurality 
of corresponding optical detectors (not shown). Each of the images from the plurality of 
lenses and corresponding detectors can be processed by electronics and/or software 
residing on substrate 24. Note that the lenses shown in the embodiments herein 
preferably use diffractive optics. 

[0014] Referring to FIG. 3, another camera 30 is shown using several lenses (51 , 52 
,53 54) to form a "complex eye" or a "fly's eye" oh or within a support structure 32. As 
with the previous embodiments discussed above, the support structure 32 is preferably 
hemispherical in shape, but other shapes such as spherical, elliptical, and even flat 
shapes are contemplated within the scope of the invention. A flat fly's eye can be made 
for example by having each lens looking in the same direction, but with different 
magnification. In that instance, the arrangement of lenses will have a 2 dimensional 
structure rather than three dimensional structures shown in FIGs. 1-3. Each lens (51- 
54) can have a corresponding field of view 41 , 42, 43, and 44. Additionally, each lens 
can have a photon sieve lens 36, an optical pathway 38 (either a hollow cylinder or 
transparent medium) and an optical detector 40 such as a photo detector. The plurality 
of lenses can each include an array of sub-wavelength apertures 102 (such as pin holes 
in a photon sieve lens 100 shown in FIG. 4). The optical prototype of the photon sieve 
contains pinholes of varying sizes to diffract light or X-rays to a small focus. The lens 
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36 can also have relief structures, ringlet structures, or other structures about each or 
some of the apertures of the array for enhanced transmission of light. In fact, the 
transmission through a single hole is boosted significantly by the presence of a dimple 
array on the surface, compared to the transmission of a hole in a smooth film. 

[001 5] Operationally, images of an object (not shown) can be captured and detected 
by one or more of the lenses (51-54) and consequently integrated and processed by the 
electronic image integration and processing unit 34. 

[0016] The present invention can be realized in hardware or a combination of 
hardware and software. The present invention can also be realized in a centralized 
fashion in one computer system, or in a distributed fashion where different elements are 
spread across several interconnected computer systems. Any kind of computer system 
or other apparatus adapted for carrying out the methods described herein is suited. A 
typical combination of hardware and software can be a general purpose computer 
system with a computer program that, when being loaded and executed, controls the 
computer system such that it carries out the methods described herein. 

[0017] This invention can be embodied in other forms without departing from the 
spirit or essential attributes thereof. Accordingly, reference should be made to the 
following claims, rather than toithe foregoing specification, as indicating the scope of the 
invention. - ... - , . >. , ■;. .v , % 
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